 Nanocomposites are presently attracting great interest from researchers, since they frequently exhibit unexpected hybrid properties synergistically derived from the two components. This research work is concerned with applying this technology to improve the properties of natural rubber (NR). Organoclay could enhance NR, one of the main raw materials produced within Thailand, by preparation as a NR/clay nanocomposite. The organoclays prepared in this research work were montmorillonite (MMT), C 16 -MMT and EM-MMT. C 16 -MMT consisted of MMT modified by adding hexadecyltrimethyl ammonium bromide to obtain organophilic behavior, while EM-MMT was prepared by grafting-melt intercalation. The organoclay and nanocomposite structure and properties were investigated by X-ray diffraction, plasticity retention index and viscosity.
INTRODUCTION
Generally, the advantages of natural rubber over synthetic rubber are its high flexibility, rebound, elongation at break, and low heat buildup. In addition, another advantage of natural rubber (NR) is that it is a natural material; therefore, products made from NR would reduce the destruction of the environment.
In 2013, the three countries that produced the largest amounts of NR were Thailand, Indonesia and Vietnam [1] . Thailand has been the world's largest producer of NR since 1993. This research work could lead to an increase in the value of NR produced in Thailand by creating rubber compounds that could be developed into various products.
In addition to the curing agent, the additives employed for reinforcement of NR are also important. In general, carbon black is typically utilized for reinforcement, whereas silica has been used as a reinforcing filler for white products. Clays such as mica, talc, kaolin and montmorillonite (MMT) are other commonly used reinforcing agents [2] .
Rubber/clay nanocomposites, however, exhibit new and greatly improved properties compared with those of NR, which is of great interest for both the scientific and industrial fields [3] . Nanoreinforcement has proven to be a substantially effective and perhaps indispensable method for rubber application because of reduced quantities and enhancement of properties [4] [5] [6] . Many attempts are being carried out to replace carbon black or silica with a newer type of reinforcing filler, montmorillonite (MMT), which is a class of clay that can be modified with quaternary ammonium salts to give organically modified montmorillonite (OMMT) or organoclay (OC). Increasing the interlayer distance for ion-exchange reactions by treatment of MMT using cationic surfactants has been conducted to make organoclays more hydrophobic [7] . Unique reinforcement characteristics are exhibited due to the intercalation of polymer molecules into the interlayer space of clay minerals.
In this study, natural rubber/clay nanocomposites were prepared by graftingmelt intercalation, a new preparation method used to enhance the interlayer spacing of clay. The organoclay obtained by this new method is called "co-intercalation organophilic clay", which has a larger interlayer spacing than ordinary organophilic clay modified only by alkyl ammonium [8] . The dispersion effect of silicate layers in the natural rubber molecules was improved by a grafting reaction, which led to larger interlayer spacing and strong intercalation. Natural rubber/clay nanocomposites were prepared using three different kinds of clay minerals: Namontmorillonite (sodium montmorillonite, or MMT); C 16 -MMT, prepared by modifying MMT with hexadecyltrimethyl ammonium bromide; and cointercalation organophilic clay (EM-MMT), further modified by adding C 16 -MMT into a mixture of dibenzoyl peroxide and epoxypropyl methacrylate. The structure and properties of these natural rubber/clay nanocomposites were also investigated in this work.
EXPERIMENTAL
Research Institute, Department of Agriculture, Thailand. Commercial sodium montmorillonite (Cloisite ® Na) was supplied by Southern Clay Products (Gonzales, TX, USA). The cation exchange capacity (CEC) of montmorillonite (MMT) is 92.6 mequiv/100 g, whereas the basal spacing is 12.1 Å. Hexadecyltrimethyl ammonium bromide (HTAB) was supplied by Merck. Preparation of C 16 -MMT was conducted by dissolving 100 g of MMT in 500 g of hot distilled water with continuous stirring for 30 min, followed by homogenization for 20 min. After that, hexadecyltrimethylammonium bromide (HTAB) solution was added and the mixture stirred for 30 min. The reaction product was repeatedly washed (about 3 or 4 times) with hot distilled water, then filtered and dried in an oven at 70 After preparation of NR/C 16 -MMT nanocomposites by blending NR and C 16 -MMT in a Brabender mixer with various clay loadings of 1, 3, 5 and 7 wt% (Fig.  1) , a good dispersion of C 16 -MMT in the NR matrix was found in NR/C 16 -MMT nanocomposites containing 1 and 3 wt% clay loading, whereas coagulation of clay in the NR matrix was found at NR/C 16 -MMT nanocomposites containing 5 and 7 wt% clay loading. Thus, NR/C 16 -MMT nanocomposites containing 1 and 3 wt% clay loading were selected for further tests. The plasticity retention index (PRI) of NR/C 16 -MMT nanocomposites showed the lowest value when compared with other NR nanocomposites, as shown in Fig.  2 , A reduction of PRI value in NR nanocomposites indicates lower resistance to thermal oxidation, whereas high PRI values are generally associated with good resistance to thermal oxidation.
RESULTS AND DISCUSSION
The mooney viscosity of NR/EM-MMT nanocomposites was higher than that of NR/C 16 -MMT nanocomposites, as shown in Fig. 3 , because NR/EM-MMT nanocomposites contained modified silicates. In addition, the higher mooney viscosity of natural rubber nanocomposites exhibited the intercalation of rubber molecules into silicate layers. 
SUMMARY
C 16 -MMT, organically modified clays, were successfully synthesized by ionexchange reaction. In addition, co-intercalation organophilic clay, EM-MMT, was also synthesized to increase the basal space further by introducing the functional group into the galleries of clay. XRD results of various clays show the increments of basal space when modifying agents were incorporated into the clay structure. From photographs of NR/C 16 -MMT nanocomposites, the coagulation of organoclay in the rubber matrix exhibited 5 and 7 wt% clay loading. Furthermore, the mooney viscosity and plasticity retention index (PRI) of NR/EM-MMT nanocomposites showed higher values than those of NR/C 16 -MMT nanocomposites.
